Simulation methods
The analysis of 3D structures of bio-molecules is executed based on diffraction patterns, which come from x-rays scattered by electrons bounded in atoms. The intensity of the diffraction patterns (I o ) is given by
where 
is the structure factor as a function of wave number vectors (k) with k = K i -K f . Here r, (r),  atom (r), and  fe (r) are the place of an atom in the target, the electron density in the biomolecule, the electron density in the atom, and the density of free and quasi-free electrons, respectively and K i and K f are the wave number vectors of the incident and scattered x-rays, respectively. The change of  atom (r) and the places of atoms during the irradiation of x-rays are also conventionally ignored because of the small amount of the damage and destruction.
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On the other hand, in XFEL light pulses, we may need to consider this second term on the right side of Eq.(2), the change of  atom (r) and the places of atoms because of the larger damage. Namely, the damage and the destruction change the diffraction patterns due to (i) ionization processes, which reduce I o . [Then, we should change  atom (r) to the electron density according to ionized states [ ion (r)] (Hau-Riege et al., 2007) .], (ii) the interference of xrays scattered by electrons bounded in the atoms with those by quasi-free and free electrons, which changes I o [see the second term of the right side of Eq.(2)], and (iii) the movement of atoms, which changes r i . For the movement of the atoms, the distances over which the atoms move become one of the factors for the decision of the highest resolving power of the 3D structures obtained from the experiments. Therefore, we need to control these distances to be smaller than the desired resolving power during the irradiation of XFEL light pulses on the target. However, the movement of atoms may be able to be controlled using a short pulse of XFEL light pulses (Neutze et al., 2000) or a tamper target (Hau-Riege et al., 2007) , where a tamper target has been defined as a bio-molecule surrounded by multi-layers of water. Hau-Riege et al. (Hau-Riege et al., 2007) showed from their simulation that the movement of atoms can be controlled using a tamper target and a pulse of 50 fs as diffraction patterns change little. On the other hand, it is almost impossible to control the movement of electrons. This means that the effect of the movement of atoms on the analysis of 3D structures is much smaller than that of the movement of electrons. In our simulations, we calculate the change of the electronic states of the atoms and the movement of free and quasi-free electrons. However, we ignore the movement of atoms. We have developed two models, that is, the rate equation and the MCN models. Using the rate equations, we can roughly estimate the damage for the large size of spherical targets. The rate equations are suitable to research the most suitable experimental conditions. On the other hand, in the MCN model, we can treat atoms and electrons individually in various shapes with smaller number of atoms. The MCN model is suitable to reproduce experimental results of diffraction patterns or photo-electron spectroscopy.
Atomic processes
Atomic processes treated here are the x-ray absorption (e.g., C + h  C + + e -), the Compton scattering (C + h C + + e -+ h' ), the electron impact ionization (C + e - C + + 2 e -), and the Auger (C +*  C 2+ + e -), where h and h' are the x-ray energies before and after the process occurs, respectively. We calculate the change of both of ionized and excited states of the atoms and the production of free and quasi-free electrons using rates or cross sections of these ionization processes as a function of times. We use the same rates or cross sections as those given in several papers (Bell et al., 1983 , Henke et al., 1993 , Moribayashi, 2008 . The x-ray absorption cross sections ( xa ) are roughly calculated by
where | i > and | f > are the wave functions for the initial and final states, respectively (Cowan, 1968) . On the other hand, the cross sections of Compton scattering ( CS ) are determined by the Klein-Nishina formula (Klein & Nishina, 1929) , that is,
where r c , , and,  are the radius of a classical electron, the scattering angle, and the solid angle, respectively and h' is given by
where m e and c are the mass of an electron and the light speed, respectively. Then, the rates of the x-ray absorption (R xa ) and Compton scattering (R CS ) are given by
respectively (Moribayashi et al., 1998 , 1999 , 2005 , Moribayashi, 2008 , where I is the intensity of the x-rays. On the other hand, Auger rates are roughly given by
where r 12 is the length between an electron transferred from an excited state to the ground state and that ionized from an ion (Cowan, 1968) . We have used the Auger rates given in our previous paper (Moribayashi, 2008) . For the cross sections of the electron impact ionization processes ( e ), we employ the data given by Bell et al. (Bell et al., 1983) . Though we treat isolated atoms, that is, an isolated system, atoms in bio-molecules form a condensed matter system. Therefore, we have compared some atomic data of isolated atoms with those of molecules or solids. Photo-absorption measurements, which correspond to photo-ionization cross sections, in the foil targets of C show good agreement with those in the isolated C atom (Henke et al., 1993 ) at x-ray energies larger than 350 eV where inner-shell ionization dominates. Further, it was reported that photo-ionization cross sections of several molecules such as CO 2 and C 3 H 6 almost equal to the sum of the cross sections for the constituent atoms in this x-ray energy region (Henke et al., 1993 , Hatano, 1999 . Coville and Thomas calculated the lifetimes due to Auger processes (~ 1/A a ) of singly inner-shell ionized atoms of 14 molecules containing C, N, O and compared them with those of the isolated atoms (Coville & Thomas, 1991) . They showed that the lifetimes of singly inner-shell ionized atoms of the molecules are 0.6 to 0.85 times shorter than that of the isolated atom. Their results agreed with the measured lifetimes to within 25 % except for CO 2 . However, for CO 2 , a newer experimental result showed good agreement with their lifetime (Neeb et al., 1991) . We encountered numerical difficulties in treating a large number of coupled rate equations associated with multiple energy levels in the singly inner-shell ionized atoms and hollow atoms in obtaining x-ray spectra due to the decay from these excited states. We have employed the approximation as follows (Moribayashi et al., 2004 , 2005 , Moribayashi, 2007a , 2008 . Namely, the atomic data are averaged over the quantum numbers of spin angular momentum (S), orbital angular momentum (L), and total angular momentum (J). The averaged transition energy (E av ) and the averaged atomic data of A a and A r are given by 
respectively, where g SLJ expresses the statistical weight and A rSLJS'L'J' and E n SLJS'L'J' (2p1s) are the radiative transition probability and the energy difference between the states of 1s 2s 2 2p n S L J and 1s 2 2s 2 2p n-1 S' L' J' , respectively.
Rate equations
We calculate the damage, the x-ray emission from the hollow atoms, photo-electron spectroscopy for the various parameters of XFEL light pulses using rate equations. With these atomic rates, the population dynamics of the various atomic may be investigated by the following rate equations:
where N 0 , N 1 , N 2 ,, N n are the populations of the ground state of the atom and the ions, singly inner-shell ionized atoms and hollow atoms of the ions,  m,k is the transition rate via the transition processes such as photo-ionization, electron impact ionization from the m'th to the k'th state and  k is the decay rate via transition processes in the k'th state. The number of fluorescent x-ray photons per volume (P ek ) from singly inner-shell ionized states of the atoms or the hollow atoms is given by
where N k is the population of singly inner-shell ionized atoms or hollow atoms.
Monte Carlo and Newton equation (MCN) model
The Monte Carlo and Newton equation (MCN) model employed here is almost the same method as that treated in the MD (Jurek et al., 2004) except for the movement of atoms or ions as mentioned in Sec.1. In the MCN model, we can treat the change of the electric states of atoms and electrons individually in various shapes such as bio-molecules. The MCN model is applied to reproduce the experimental results of the diffraction pattern and photo electron spectroscopy. For the reconstruction of the 3D structures of bio-molecules, a lot of pulses are required. It should be noted that the production and the movement of electrons depend on the initial values of the random numbers (seeds) and that we can demonstrate the calculations of the damage and the electron distributions for different pulses using different initial seeds for the random number generated. We will show the results averaged by a few hundred pulses.
Initial electron energies
The initial energies and velocities of electrons produced from these ionization processes should be mentioned because they contribute significantly not only to the movement of free and quasi-free electrons but also to the treatment of electron impact ionization processes. (i) The x-ray absorption processes: The initial electron energy corresponds to the value that subtracted a bound energy (E B ) of atoms or ions from the x-ray energy. Since the x-ray energy treated here is much larger than E B of H, C, N, and O, which are main elements of bio-molecules, the initial electron energy is almost the same as the x-ray energy. (ii) The
Compton scattering: The value of  is determined randomly by treating the right side of Eq.(4) multiplied by d as a weighting factor and the initial electron energy is h -h' -E B .
(iii) Auger: We employed the initial electron energy calculated by Cowan's code (Cowan, 1968) . (iv) Electron impact ionization processes: We calculate the initial electron energy from the binary encounter dipole (BED) theory (Kim et al., 2000) or use the data given by Nakazaki et al. (Nakazaki et al., 1991) . After the initial electron energy is determined, the initial direction of the electron velocity is given randomly except for that due to Compton scattering. In Compton scattering, the initial direction is determined from the electron energy,  and the momentum conservation law.
Monte Carlo
The x-ray absorption, Auger, and Compton scattering processes are treated using the Monte Carlo method as follows (Moribayashi, 2007b (Moribayashi, , 2009 (Moribayashi, , 2010 : (i) just when an XFEL light pulse begins to irradiate a target, we start the calculation and set the time of t = 0. We also set the neutral and the ground states for ionized and excited states of all atoms in the target, respectively. (ii) We calculate the transition rates [R ifp (m)] of all the possible ionization processes according to the ionized and excited states of all the atoms and random numbers [N R (m)]. One random number is given to each atom at the time interval between t and t + t, where R ifp (m) and N R (m) are the transition rate from the i'th state to the f'th one of the m'th atom due to the p'th ionization process and the random number given to the m'th atom, respectively. (iii) Only when
one process for the m'th atom occurs. When this equation is satisfied, the state where the ionization occurs is chosen randomly among all the possible transitions using the respective R ijp (m) as weighting factors. (iv) The value of t increases by t and procedures (ii) and (iii) are executed. (v) We reiterate procedures (ii) -(iv) until the XFEL light pulse passes through the target.
Electron movements
As for the electron impact ionization process, it is judged that the process occurs only when a quasi-free electron crosses the area of a cross section according to an ionized state of an atom. The center of the cross section is located at the place of the atomic nucleus and the cross section is perpendicular to the direction of the electron velocity (Jurek et al., 2004 , Moribayashi, 2009 , 2011 . Specifically, we use the relationship of cross sections with impact parameters (b) where b is defined as the perpendicular distance between the path of an incident ion and the center of the atom. The electron impact cross section () is given by
where P(b) is the probability that the corresponding processes occur as a function of b and b max is the maximum b where the process occurs. When we assume P(b) to be a step function with value 0 outside of b max ,  =  b max 2 . Only when b becomes smaller than (/) 1/2 , we judge that the particle impact process occurs (Moribayashi, 2011) The Coulomb forces due to ions and electrons act on free and quasi-free electrons. The movement of these electrons is solved by the Newton's equations, that is,
where  0 , m e , ei v  , q l , and r  ij(l) are the dielectric constant in vacuum, the mass of an electron, the velocity of the i'th electron, the charge of the l'th ion, and the distances between the i'th electron and the j'th free and quasi-free electron (the l'th ion), respectively. In order to avoid the divergence near r ij(l) = 0, we use an approximation where r ij(l) is approximately replaced by (r ij(l) 2 + a s 2 ) 1/2 (Jurek et al. 2004 , Moribayashi, 2010 , 2011 .
Spherically symmetric models
In the case of a spherical target with a radius of 100 nm, the number of atoms is larger than 10 7 . In our calculation using the MCN developed here, it takes about 12 hours to calculate the damage and the movement of free and quasi-free electrons for the number of atoms of only 8000 and the x-ray flux of 3 10 20 photons/pulse/mm 2 . Therefore, it takes too much time to execute the 3D calculation for the damage of bio-molecules when we treat a target with a radius around 100 nm. Then, spherically symmetric models become useful. When we study the irradiation of XFEL light pulses with the clusters or bio-molecules, the uniform space charge, Q e (r) is produced from electrons escaped from the target, that is. 
with D pe = N e /V t , where r 0 , e, N ee , and V t are the radius of the target, the charge of an electron, the number of the electrons which escape from the target, and the volume of the target, respectively. This comes from the Gauss law for the sphere. Then, in our first approximation (which we call SSM1), we use Eq.(15) for the space charge, where the uniform charge distribution in the spherical targets is assumed. In the case of ellipsoids, we define an escaped electron as an electron, which has a value of r larger than that of the atom furthest from the center of the target (r alm ), that is, r 0 = r alm . Then, the force acting on an electron becomes Here, the force is directed toward the center. It should be noted that Eq. (16) follows the Gauss law in the case of the uniform charge distribution in spherical targets. Namely, electric fields (F(r)/e) are produced from the charge, which exists inside the place of interest, and the charge outside it can be ignored because of cancellation. We treat Eq. (16) instead of Eq. (14) for the movement of electrons in the SSM1. In Eq. (16), there is no divergence near r = 0, which often appears for the point charge, because F (0) = 0. This approximation is useable only when the number of quasi-free electrons is too small to effect on the charge distribution. Since the SSM1 is useful for the saving of calculation time, we examine the limits of application of the SSM1. When we consider that quasi-free electrons effect on the charge distribution, the charge distribution for r becomes nonuniform. Then, in our second approximation (SSM2), we estimate the charge Q es (r) by counting the total charge inside the place where the electron of interest exists and we use Q es (r) instead of Q e (r) in Eq. (16).
X-ray damage
Here, we study (i) the relationship between the damage and the parameters of XFEL light pulses such as pulse widths, wavelenths, and x-ray fluxes using rate equations in order to research the most suitable experimental conditions and (ii) the free and qausi-free electron movement in the target using MCN model in order to aim at the reproduction of the experimental data.
The most suitable XFEL parameters
We have been studying the role of atomic processes such as photo-ionization, Auger, radiative transition, and electron impact ionization processes for the damage of biomolecules irradiated by an XFEL light pulse. By considering these roles, we have constructed the models mentioned in Sec.2.. We have calculated the changes of the electronic states of atoms or ions in a bio-molecule as a function of time. However, the number of the electronic states is too large. Then, for clearer figures, we show the changes of charge determined from the electronic states. Figures 1 (a -i) show the populations of the charge of C, N, and O as a function of time for the pulse width () and wavelength () of (a -c) an XFEL light pulse of 100 fs and 0.1 nm, (d -f) 10 fs and 0.1 nm, and (g -i) 10 fs and 0.06 nm, respectively. The x-ray flux of the XFEL light pulses and the radius of bio-molecules are 10 22 /pulse/mm 2 and 10 nm, respectively. A gauss type time function is employed for the fluxes of the XFEL light pulses (see upper sides of Fig.1 ) and the time of 0 is set when the peak intensity of x-rays is located in the bio-molecule. We have found that (i) the damage becomes larger as the atomic number increases, (ii) a shorter value of  produces smaller damage (see Figs.1 (ac ) and (d -f)), and (iii) a shorter value of also produces smaller damage (see Figs.1 (df ) and (g -i)). The reason why a shorter pulse produces smaller damage is due to the fact that time scale of Auger processes is about 10 fs. Namely, photo-absorption ionization and Auger processes occur only once in the case of = 10 fs and several times in the case of 100 fs, respectively. Auger-electrons also give more significant contribution to the damage in the case of = 100 fs. On the other hand, the dependence of wavelength on the damage comes from the inner-shell photo-ionization cross sections. The photo absorption ionization cross sections for  = 0.1 nm is about 10 times larger than that for = 0.06 nm (Henke et al, 1993) . (1) using the structure factor defined in Eq.
(2). Therefore, we need to study the intensities of the diffraction patterns including the damage in order to propose the best parameter for the experiments in future. Fig. 2 . The same as figure 1(a) for the x-ray flux of (a, d)10 21 /pulse/mm 2 , (b, e) 10 20 /pulse/mm 2 , (c, f) 10 19 /pulse/mm 2 and the radius is 10 nm. The wavelengths are are (a -c) 0.1 nm and (d -f) 0.06 nm.
Electron movement
We treat model clusters with spheres at a solid density (3  10 22 /cm 3 ). We decide places inside and outside the target from the number and the density of atoms. Then, the places of the atoms are assigned randomly on the condition that they are located inside the target and that lengths among the atoms are larger than 2.7 Å, which is almost the same as the length between carbons in proteins. Then, we attempt to apply our MCN models to one bio-molecule, that is, a lysozyme which has elements of H, C, N, O and, S. We use the place coordinate data of a lysozyme in the protein data bank (PDB) (http://www.pdb.org/pdb/home/home.do), in which we employ 2LZM as PDB ID. For the parameters of XFEL light pulses, it is estimated that x-ray fluxes around 10 20 photons/pulse/mm 2 and wavelength around 1 Å are required (Neutze et al., 2000) . In this paper, we treat x-ray fluxes of 10 20 to 5 10 20 photons/ pulse/mm 2 , a wavelength of 1 Å, a pulse of 10 fs, and the number of atoms of 1000 -8000. Figure 3 shows the free and quasi-free electron distribution as a function of r for a spherical target at t = 1, 3, 6, and 9 fs calculated by the MCN, SSM1, and the SSM2, where r is the length from the center of the target. We use the constant x-ray flux for the XFEL light pulses as a function of time and set the time of t = 0 just when an XFEL light pulse begins to irradiate the target. The electron distribution treated here is defined as follows: (i) we count the number of electrons [N e (r)] at the interval between r and r + r, where we take to be 0.1 nm for r. (ii) The electron distribution F ed (r) is given by
The results calculated by the SSM1 and the SSM2 show good agreement with those of the MCN at t =1 fs [see Figs.3 (a) ]. Then, a lot of quasi-free electrons can escape from the target. Then, the distribution becomes smaller as r increases. We predict from Fig.3 (a) as follows: (i) since quasi-free electrons are accelerated toward r = 0, the electrons become concentrated near r = 0. (ii) As the charge becomes smaller near r = 0, the acceleration becomes weaker as time progresses. (iii) This reduces the invasion of quasi-free electrons into r = 0. As a result, the distribution near r = 0 becomes almost a constant value as a function of r. This trend agrees well with that given by Hau-Riege et al. ( Hau-Riege et al., 2004) . For t ≥ 3 fs [see Figs.3 (b -d) ], the SSM1 seems to become useless because the number of quasi-free electrons is enough large to effect on the charge distribution. The electron distribution calculated by the SSM2 still shows good agreement with that of the MCN except for the places near r = 0. We give up the use of the SSM1 because we have judged from Figs.3 (b -d) that it is danger to apply the SSM1 to the calculation of the electron distribution. (17) vs. r at (a) t = 1 fs (b) t = 3 fs, (c) t = 6 fs, and (d) t = 9 fs. The calculation methods are the MCN () and the SSM2 (). The x-ray fluxes, a wavelength, and a pulse of XFEL are 3  10 20 photons/pulse/mm 2 , 1 Å, and 10 fs, respectively. Figure 4 shows the same as Fig.3 for the application to a lysozyme. A lysozyme has elements of H, N, O, and S, as well as C. We treat the ionization processes using cross sections or rates corresponding to each element except for S because the number of S is much smaller than that of the other elements. We have found the same trends as those in Fig.3 , that is, the electron distribution near r = 0 remains almost a constant value and good agreement between the electron distributions calculated by the SSM2 and the MCN is shown. This may result from the fact that a lysozyme has a shape close to a sphere. We derive the relationship between the radius of the sphere into which the bio-molecule could be transformed (r 0t ) and the average value among the lengths of the places of atoms from the center (r av ). The relationship between r av and r 0t is given by www.intechopen.com that is, we assume r 0t = 4/3 r av . From this equation, we estimate that r 0t for a lysozyme is approximately 0.21 nm. We conclude that we may apply the SSM2 to the calculation of the electron movement on bio-molecules with the shape close to a sphere.
The measurement of x-ray flux
In the reconstruction of the 3D structure of bio-molecules from diffraction patterns using XFEL light pulses, a lot of patterns, that is, a lot of pulses are required. Then, the x-ray fluxes should be almost the same for each shot. The method which measures the x-ray flux is required. Therefore, we have proposed the measurement of x-ray fluxes using the x-ray emission from hollow atoms and photo-electron specrtroscopy. For the measurement of the x-ray flux, there are other methods such as using scattered xrays, the number and degree of ionization of all the ions as well as photo-electron spectrums and x-ray emission from hollow atoms. Since we believe that all of the methods have both advantage and disadvantage for the measurement. For example, for the scattered x-rays, xrays scatted by electrons are measured. In this measurement, high-energy electrons escaped from the target reduce the intensity of scatted x-rays. Further, an interface between x-rays scattered through electrons bounded in and ionized from the atoms changes the intensity randomly. The interface comes from the fact that XFEL light pulses have full coherence. Therefore, since we forecast that the relationships of the x-ray fluxes with intensities of scattered x-rays become non-monotonic, it is not simple to use the scattered x-rays for the measurement. We will not intend to say that the x-ray emission from hollow atoms or photo-electron spectroscopy are the best for the measurement of the x-ray flux. We should use all the methods mentioned here after we understand the mechanism of them. Fortunately, we can measure them at the same time.
X-ray emission from hollow atoms
Moribayashi et al. have proposed a new method for the measurement of the x-ray intensity or x-ray flux using the x-ray emission from hollow atoms produced by high intensity x-rays (Moribayashi et al., 2004 , Moribayashi, 2008 . As the x-ray intensity increases, the rates of inner-shell ionization processes also increase, while the rates of other atomic processes such as Auger and radiation transition processes remain constant. As a result, the ratio of production of hollow atoms to that of singly inner-shell ionized atoms increases with the xray flux (Moribayashi et al., 1998 , 2005 , Moribayashi, 2007a , 2008 . From this ratio, we may measure the x-ray flux (Moribayashi et al., 2004) . We showed concrete calculation results of the application of this method to the measurement of the x-ray flux irradiating biomolecules or clusters (Moribayashi, 2008) where we treated targets which have one element among carbon, nitrogen, oxygen atoms and electron impact ionization processes were ignored. Here, we treat mixtures which have carbon, nitrogen and oxygen atoms. Then, the populations of C, N, and O are 1.8  10 22 /cm 3 , 6  10 21 /cm 3 , and 6  10 21 /cm 3 , respectively and consider electron impact ionization processes. Figure 5 shows atomic processes relevant to hollow atoms due to the interaction of x-rays with carbon atoms. We calculate (i) the population of inner-shell excited states and hollow atoms and (ii) the x-ray emission intensity from inner-shell ionization states (Ar1, Ar3, ---) and hollow atoms (Ar2, Ar4, ---). The electronic states and their energies are listed in Table 1 in our previous paper (Moribayashi, 2008) . The values of the x-ray flux are given by the symbols of : Figure 6 shows the x-ray emission from inner-shell excited states and hollow atoms of carbon, nitrogen, and oxygen atoms as a function of energies of the x-ray emission. We employ various values of x-ray flux and take 0.1 nm for wavelengths of x-ray sources. The electronic states and their x-ray emission energies are listed in Table 1 in our previous paper (Moribayashi,2008) . The x-ray emission for a x-ray photo-energy is decided by the the number of the outer-shell electrons, which correspond to 2s and 2p electrons. The left and right sides of the spectroscopy correspond to the x-ray emissions from the inner-shell excited states and hollow atoms, respectively. As the energies increase, the charge becomes larger. Figure 7 shows the ratio of the number of fluorescent x-ray photons emitted from the first hollow atoms to that from the first singly inner-shell ionized atoms as a function of x-ray fluxes (F x ). As F x increases, x-ray emissions from highly charged ions and hollow atoms become larger. Namely, this may inform us of x-ray flux from the spectroscopy. This is consisted with the trend given in our previous paper (Moribayashi,2008) . The ratio increases in proportion to F x when F x is smaller than 10 20 /pulse/mm 2 and 10 21 /pulse/mm 2 for the xray wavelength of 0.1 and 0.06 nm, respectively. The difference between the wavelengths of 0.1 nm and 0.06 nm comes from the fact that the production of hollow atoms increases according to the square of the inner-shell ionization cross sections. Namely, the cross sections of the wavelength of 0.1 nm are about 10 times as large as those of 0.06 nm as mentioned before. We can see almost the same trends among the elements of C, N, and O. This may mean that this method of the measurement of the x-ray flux can apply to the biomolecules, which are mainly constructed by these three elements. 
Photo-electron spectroscopy
The scenario adopted here for the energy losses of photo-electrons is as follows. The photoelectrons are produced through x-ray absorption processes, and their initial energies are almost the same as that of the x-rays just when the XFEL light pulse enters the target. The photo-electrons can escape from the targets. When one electron escapes from them, one charge is added. The charge increases according to the number of electrons escaped from the target. The Coulomb force due to this charge reduces the photo-electron energies. The total energy losses (E p -E min ) of the photo-electrons depend on the total charge, which is decided by the x-ray flux, the size and density of the targets and the energies of x-rays. As mentioned before, energy losses of photo-electrons are caused by a space charge (Q) in the target, which is produced by the escape of electrons from the target. We consider not only photo-electrons but also Auger electrons for the calculation of Q values. Since we assume that the space distribution of each ion state becomes almost uniform in a target, Q may be considered to be concentrated at the center of the target. The charge affecting an electron (Q e (r)) which is located at a distance of r from this center is given by
Then, the force acting on the electron is 
Here, we assume that the Q e (r) remains constant from the production of an electron to its escape, because the photo-electron is too fast for the value of D pe to change during the escape. Then, the averaged energy loss is
We assume that E = E a, when r = r a . . Using Eqs. (21) and (22) 
that is,  a0 r3 / 5 r . Therefore, we assume that photo-ionization processes occur at r = r a in our calculation. The energy loss of the electrons after the escape until they reach the detector is given by The electrons are produced through ionization processes of atoms or ions such as photoabsorption, Compton Scattering, Auger electron emission, and electron impact ionization. In order to count the number of the electrons, firstly, we calculate the population of several electronic states due to these ionization processes of atoms or ions using rate equations (Kai, 2010 , Moribayashi et al. 1998 , 2005 , Morbayashi, 2007a , 2008 . Supposed that the density of photo-electrons from a target is D pe which is calculated by 
where I,  pj , and E p are the intensity of x-rays, a photo-absorption cross section from the j state, and the energy of x-rays, respectively, and R Augrj is the Auger rate from the j state.
Since an easy estimation of the total energy loss is useful for experiments, we have derived an easy approximation equation. For N 0 >> N 1 , N 2 , ---, N n where the small x-ray flux irradiates a target, we may approximate D pe by using the following equations 
where N 00 is the initial density of atoms in the target. By inserting this equation into Eq. (25), the total energy loss is rewritten as
Furthermore, I is estimated as
where  F x , and E p are the pulse length, the x-ray flux, and the energy of XFEL light pulses, respectively and  p0 is the photo-ionization cross section from the ground state of an atom. Therefore, we can derive the approximation equation of E tot as a function of F X as follows: This equation is applied for the case where one element of atoms exists in the target (Moribayashi, 2009 ). In the case where three elements of atoms exist in the target, Eq.(33) is changed to
where i, P i and and  ip0 are the element number of atoms, the ratio of the initial density, and the photo-ionization cross section from the ground state of the atom i, respectively. Here, the element numbers i= 1, 2, and 3 correspond to the elements of C, N, and O, respectively, and P 1 = 0.6, P 2 = P 3 = 0.2.
(a) (b) Fig. 8 . The comparison of the photo-electron spectrums calculated by the rate equation method (solid lines) with those by Monte Carlo and Newton equation (MCN) (symbols). In the MCN, spectra given by three pulses are shown separately. The target radius treated here is 2.5 nm. The x-ray fluxes are (a) 10 20 photons/pulse/mm 2 and (b) 3 10 20 photons/pulse/mm 2 .
In order to verify our model, we also calculate photo-electron spectrums for a small size of a cluster of a few 1000 atoms using Monte Carlo and Newton equations (MCN) (Moribayashi, 2009 (Moribayashi, , 2010 and compare them with those calculated by the rate equations (Moribayashi et al., 1998 , 1999 , 2005 , Moribayashi, 2007a , 2008 . It should be noted that they depend on the initial values of the random number, which are employ in the Monte Carlo method and that we can demonstrate the calculations of photo-electron spectrums for different pulses by using a different initial value of a random number. We show some examples of photoelectron spectra by each shot. For the rate equation method, we employ using Eqs. (20 -24) where only energies of the electrons are treated. Figure 8 shows the comparison of the photo-electron spectrums calculated by these two methods. The target radius treated here is 2.5 nm and the x-ray fluxes are (a) 10 20 photons/pulse/mm 2 and (b) 3 10 20 photons/pulse/mm 2 . For the MCN method, individual spectrums for three pulses are shown. Good agreement among them are shown for the minimum energies though the absolute values of the number of electrons do not remain at a constant value for the results of the MCN with one pulse. This means that the plasmas in the target give little contribution to the spectroscopy and furthermore, photo-electron spectrums can be treated by the simple model. This may come from the fact that the energy losses after the escape from the target are much larger than those before the escape. Since it takes too much time to calculate photo-electron spectrums for much larger sizes of targets (Moribayashi, 2009 (Moribayashi, , 2010 , we employ the rate equation method to calculate the size dependence on the spectroscopy. Furthermore, we compared these calculation results with the approximations given by Eq. (34).
(a) (b) Fig. 9 . Maximum values of energy losses of photo-electrons (E tot,max ) vs. the x-ray flux (F X ) for various radius of a target, the pulse of 10 fs, and x-ray energies (E p ) of (a) 12 keV and (b) 20 keV: Approximation solutions of Eq.(34) are also shown. solid lines: the calculation results, dotted lines: approximations. Radius values of the target are taken to be 2.5, 5, 10, 20, 30, and 50 nm which are shown in the lines. Figure 9 shows the maximum values of E tot (E tot , max ) as a function of F X for various values of r 0 , a pulse of 10 fs, and (a) E p = 12 keV and (b) E p = 20 keV. Approximation solutions given by Eq.(34) are also shown. The values of E tot , max increase with increase in F X . As r 0 increases, the upper limit of values of F X which can be measured, where E tot max < E p , becomes lower because E tot , max increases in direct proportion to r 0 2 and E tot , max is independent of the x-ray flux. Much larger values of x-ray flux can be measured where E p = 20 keV than where E p = 12 keV. This comes from the fact that the photo-absorption cross section at E p = 20 keV is much smaller than that at E p = 12 keV (Henke et al., 1993) and E tot,max depends on F X  p0 as seen in Eq. (34). Eq. (34) is accurate to within 20 % with x-ray flux smaller than 10 20 photons/pulse/mm 2 at E p = 12 keV and smaller than 10 21 www.intechopen.com photons/pulse/mm 2 at E p = 20 keV, independent of r 0 where F X  p0 << 1. This means that the approximations are useful for larger values of E p , as seen in Figs.9. Then, as F X increases, the approximations become worse because a larger number of ions is produced. The discrepancy between the calculation and the approximation results mainly comes from the fact that ionization starting from inner-shell excited states and ions produced through Auger processes are ignored in the approximation. However, approximations with simple equations may be useful for the analysis of experiments. It was found that enough values of E tot,max could be measured that differences in the x-ray flux within a factor of 2 could be detected in the case where E tot , max is larger than the resolution power of the detector, because E tot , max increases with increase in F X .
Summary
We theoretically study (i) the most suitable experimental conditions for the reconstruction of three dimensional structure of bio-molecules, (ii) free and quais-free electrons movement and (ii) the measurement methods of x-ray fluxes by the irradiation of XFEL light pulses onto bio-molecules or clusters using x-ray emission from hollow atoms and phot-electron spectroscopy. We employ rate equations and the MCN models as a simulation method. In our previous paper , Moribayashi, 2008 , 2009 , we only treat carbon atoms in the targets. On the other hand, here, we treat mixtures which have carbon, nitrogen and oxygen atoms. Then, the densities of C, N, and O are 1.8  10 22 /cm 3 , 6  10 21 /cm 3 , and 6  10 21 /cm 3 , respectively. These populations come from the ratio of the elements in proteins.
We have shown the relationship of the damage with the parameters of pulse length, wavelength, and x-ray flux of XFEL light pulses. We have found that the shorter pulse widths, shorter wavelengths, and smaller x-ray fluxes reduce the damage. We believe that these results become important for the experiment of the three-dimensional structure of a single bio-molecule. We discuss the space distribution of free and quasi-free electrons. The electron distribution calculated by our spherically symmetric model agrees well with that calculated by our more accurate model except for the place near the center of the targets. Our spherically symmetric model can be applied to a lysozyme. We may apply our spherically symmetric models developed here to the calculation of the movement of free and quasi-free electrons in biomolecules with a shape close to a sphere. We study hollow atom production processes by high brightness x-rays and propose the application of fluorescent x-rays emitted from singly inner-shell ionized atoms and hollow atoms to the measurement of x-ray flux irradiating bio-molecules. We have found that the ratio of the number of fluorescent x-ray photons from the hollow atoms to that from the singly inner-shell ionized atoms increase according to x-ray flux irradiating C, N, and O atoms. This ratio may be employed for this measurement. We propose measuring the x-ray flux irradiating a single cluster or a bio-molecule using photo-electron spectroscopy. As the size of the targets increases, the x-ray flux which can be measured become smaller. Much larger values of the x-ray flux can be measured at the x-ray energy of 20 keV than that of 12 keV. We derived an easy approximation equation. The equation is valid for x-ray flux smaller than 10 20 photons/pulse/mm 2 at E p = 12 keV and 10 21 photons/pulse/mm 2 at E p = 20 keV, and independent of the size of the cluster or the bio-molecule.
